LDCVs exhibit a differential subcellular distribution beis completely discharged during exocytosis. Transmittween the axon and the soma. In close correlation, we ter discharge from LDCVs shows a higher degree of observe a distinct pattern of amperometric signals at variability than is expected from their size distribution, axonal and somatic recording sites that parallels the and bulk release from LDCVs is slower than release subcellular distribution of SSVs and LDCVs between from SSVs. On average, differences in the transmitter these cellular regions. On average, the differences in amount released from SSVs and LDCVs are proporquantal size observed for SSV and LDCV exocytosis tional to the size differences of the organelles, sugcorrelate well with the size differences of the secretory gesting that transmitter is stored at similar concentraorganelles. The amount of transmitter released from a tions in SSVs and LDCVs.
to their amine content. Figure 4A ). In the presence of the ionophore, exocytosis proceeds at a rather constant rate (3.1 Ϯ 1.9 a skewed, non-Gaussian distribution. If the molecular mechanism for loading of transmitter into the vesicles events/s, n ϭ 12) and slowly declines to baseline levels when ionomycin is removed by continuous washing with operates until a limiting concentration is achieved, then the amount of transmitter stored in a vesicle should Ringer's solution. As shown in Figure 4 , oxidative current transients can be resolved as discrete events even at vary with the cube of the vesicle diameter. A cubic root transformation of the charges reveals an obvious bitimes of high activity. In agreement with our morphological observations, the evoked response is comprised of modal distribution ( Figure 5B ) that is well approximated with two Gaussian distributions, as expected for transexocytotic events that differ with respect to their charge and amplitude. We observed small and rapid events as mitter release from differentially sized vesicle popula- cies of small and large events observed in ionomycinfor somatic events, 12 cells). This suggests that intrinsic properties of the LDCV-mediated signaling, rather than stimulated neurons show no correlation with each other (r ϭ 0.01, p Ͻ 0.05, n ϭ 12). This is in line with our proposal experimental inconsistencies, are responsible for the observed variability. Taken together, we observe a disthat transmitter release occurring from independent vesicle populations, rather than from a common source, tinct pattern of exocytotic signals at axonal and somatic recording sites that parallels the subcellular distribution is responsible for the different quantal sizes of the exocytotic signals ( Figure 5D ).
of SSVs and LDCVs in our neurons.
Kinetic Properties of Transmitter Release Quantal Release at Somatic Sites

A direct test of the hypothesis about the distinct nature from SSVs and LDCVs
For each spike, the 50%-90% rise time, the width at of the characterized signal classes is provided by the morphological observation that only LDCVs are found half-height, and the peak amplitude were determined. A comparison of the histograms of these parameters in the somata of our neurons. In fact, application of ionomycin stimulates only the large event type at so-( Figure 7 ) indicates a strong similarity between the shapes of the large spikes observed at axonal sites and matic recording sites ( Figures 6A and 6B ). The charge distribution lacks the peak at about 3 fC seen at axonal those of somatic events. This result, together with the finding that somatic recordings lack small events, countrecording sites ( Figure 6C , n ϭ 12; compare with Figure  5A ). The cubic root transformation of the integrated curers the possibility that partial transmitter discharge from LDCVs contributes significantly to the origin of small rent transients reveals a single peak distribution that can be well described with a single Gaussian probability events. It should be noted that the frequency distribution of small events shows no contribution of events that density function ( Figure 6D ). The mean cubic root charge of somatic events, as deduced from the fit, has a value exhibit particularly slow kinetics that would be expected if this data range (Ͻ8 fC) were significantly "contami- Table 2. mean values of the parameters for SSV and LDCV exo-5B and 6D) against the mean inner vesicle diameter of the corresponding secretory organelle, assuming an cytosis are given in Table 2 . A comparison of the kinetic properties suggests a 5-fold faster transmitter discharge average membrane thickness of 5 nm. When compared on a log/log scale, the combined set of data is fitted from SSVs than from LDCVs. However, due to the different signal-to-noise ratios, transmitter signals from with a linear regression that has a slope of 2.8. When "close" events (Ͻ 340 s) are selected, the average LDCVs are detectable over further separation distances between the sensor and the exocytotic location than cubic root charges obtained from the Gaussian fits of the resulting histograms (data not shown) increase from those from SSVs. Thus, it is reasonable to assume that LDCV signals are more susceptible to diffusional distor-2.82 Ϯ 0.81 fC 1/3 to 3.0 Ϯ 0.9 fC 1/3 and from 3.31 Ϯ 0.9 fC 1/3 to 3.49 Ϯ 1.0 fC 1/3 for LDCV exocytosis at axonal tion. To measure the kinetic properties of release from both vesicle types with similar fidelity, we selected and somatic sites, respectively. No change is seen for SSV signals (values are given in Table 2 ). A correlation events with rise times faster than 340 s, comprising about 97% and 53% of the total number of small and of these data with the vesicle diameters is well described with a linear regression with a slope of 3.0. This result large events (Ͼ1.5 pA), respectively. About 56% of somatic events are selected by this criterion. A comparison indicates that, on average, the amount of released transmitter is proportional to the volume (r 3 ) of the secretory of the median half-width (see Table 2 ) of such "close" events shows that release signals from LDCVs (1100 s) organelle. It should be noted that the coefficient of variation (CV ϭ SD/mean) has not decreased when "close" are still slower than those from SSVs (440 s). In fact, Ͻ3% of the LDCV events at axonal or somatic sites events are selected, suggesting that variations in the amount of transmitter released by the vesicle rather than show a release profile that is similar or faster than the median half-width of SSV events. Thus, properties of diffusional loss is the major determinant for the scatter of the event charges in our experiments. The same conthe release process are responsible for the observation that the majority of LDCV signals exhibit a main phase clusion is reached with simulations of LDCV release signals by using Monte-Carlo methods (see Appendix of transmitter release ("spike") that is slower than release from SSVs, as will be discussed below.
for details). Table 2 
